Background
Despite frequent use, little is known about the metabolic and endocrine side-effects of antipsychotics in individuals with intellectual disability.
Aims
To compare indices of obesity, glucose, lipids and prolactin between antipsychotic-treated and antipsychotic-naive individuals with intellectual disability and also between participants with intellectual disability and controls from the general population.
Method
Observational study comparing 138 antipsychotic-treated and 64 antipsychotic-naive participants with intellectual disability in one National Health Service trust with general population controls.
Results
Antipsychotic treatment comprised: risperidone 48%, olanzapine 18%, thioxanthenes 10%, other 24%; monotherapy 95% of participants; mean treatment duration 8 years; median daily chlorpromazine equivalent dose 108 mg (range . Metabolic indices were the same or more favourable in the intellectual disability group than the general population control group but overweight/obesity and type 2 diabetes were more prevalent in the women in the intellectual disability group than the control group. Metabolic indices were similar, statistically or clinically, between the antipsychotic-treated and the antipsychotic-naive groups but there was a non-significant trend towards a higher rate of type 2 diabetes in the antipsychotic group. A total of 100% and 70% of participants on amisulpride/sulpiride and risperidone respectively had hyperprolactinaemia, with secondary hypogonadism in 77% and 4% of affected women and men.
Conclusions
Antipsychotics, on average, did not increase metabolic risk, although the existence of a susceptible subgroup at risk of diabetes cannot be excluded. Some antipsychotics induced hyperprolactinaemic hypogonadism, requiring active management. However, our findings suggest that antipsychotics at the low doses routinely prescribed for people with intellectual disability are generally safe in relation to metabolic adverse effects, even if efficacy remains poorly defined.
data have been collected. The unselected general population sample of over 9000 participants of the Health Survey for England (HSE) 2006 14 was used as a control for data not available from the OBB (prevalence of diabetes, HbA1c).
Capacity was assessed as outlined in the Mental Capacity Act 2005, Code of Practice. 15 Written informed consent was given by individuals who were capacitous. Those assenting (but formally incapacitous) were only entered into the study after unanimous agreement was obtained that inclusion in the study was in the individual's best interest from key people in the person with intellectual disability's circle of care (which included one or more carer and/or relative). Participants were visited at home by a study nurse, who took consent, completed a questionnaire on family, medical and drug history and lifestyle variables (diet, alcohol, smoking, exercise levels), and measured height and weight for body mass index (BMI), waist circumference and skinfold thickness for body fat distribution and blood pressure. A fasting blood sample was taken for glucose, glycated haemoglobin (HbA1c), lipids, insulin, prolactin, oestradiol, testosterone, gonadotrophins, free thyroxine (T4), thyroid-stimulating hormone (TSH), liver function tests, creatinine, and a full blood count. Glucose was measured by hexokinase, HbA1c by highperformance liquid chromatography (HPLC), triglycerides by standard glycerol-phosphate method, cholesterol by cholesterol esterase with direct measurement of high-density lipoprotein (HDL) cholesterol and low-density lipoprotein (LDL) cholesterol calculated by the Friedewald's formula. 16 Hormones were measured by immunoassay on a multianalyser (ADVIA Centaur, Bayer Diagnostics). The insulin resistance index (HOMA-IR) was calculated according to the Homeostasis Model Assessment computer model (http://www.dtu.ox.ac.uk/ homacalculator/index.php).
Diagnoses were made on review of case notes and based on DSM-IV criteria. 17 The daily chlorpromazine equivalent dose was calculated for comparison with published data for phenothiazines, thioxanthenes, haloperidol, sulpiride, risperidone, olanzapine, quetiapine and aripiprazole. 18, 19 
Statistical analyses
Means (standard deviations) or medians (ranges) of continuous variables were compared by independent samples t-tests or Mann-Whitney's test and rates by Fisher's exact test or chisquared. A logistic regression model adjusted for age, gender, BMI, waist and exercise levels was used to compare the risk of a raised fasting plasma glucose (FPG 55.6 mmol/l) between the antipsychotic-treated and the antipsychotic-naive group and between the participants with intellectual disability (intellectual disability group) and the OBB participants (OBB control group). The study had 80% power for a difference of 0.5 mmol/l in FPG and 0.5% in HbA1c. Analyses were carried out on SPSS (v.14) and STATA (v.10) for Windows.
The metabolic and anthropometric data from participants with diabetes on hypoglycaemic therapy were not included in the comparisons of the antipsychotic-treated v. antipsychoticnaive groups. All participants with diabetes were included in the prolactin-related analyses.
Results
Of 349 potentially eligible individuals identified, 213 (61.0%) participated in the study. A total of 6% were excluded for psychiatric reasons, 1% for medical ones and 31% either refused or the carers refused. Eleven people were subsequently excluded because miscellaneous conditions confounded interpretation of the results (Fig. 1) .
We report data on 202 participants with intellectual disability (mean age 42.1 (s.d. = 12.8), 52% men, 48% women), 62% of whom were capacitous. Of these 94% were of European ethnicity, 14% were smokers and 22% reported some alcohol intake. Almost all were living in sheltered accommodation. A total of 83% agreed to a blood sample and 93% to physical measurements. Skinfold measurements were resisted by many participants and the data were of insufficient quality for analysis.
A total of 48% of the participants had mild, 30% moderate, 17% severe and 5% profound DSM-IV mental retardation. In 76 (38%) of the participants the intellectual disability was associated with a known condition, most frequently autistic disorder and Down syndrome (27% and 22% of those with a known diagnosis). The rest had a wide range of disorders, including chromosomal abnormalities; 36% had epilepsy. Participants with mild intellectual disability were overrepresented as some carers were reluctant to enter more severely ill people in the study because of a fear they might become too distressed.
Psychiatric diagnoses by degree of intellectual disability are shown in Table 1 ; 64% of the total study participants had a concomitant psychiatric disorder, most frequently depression (18%), schizophrenia and other psychotic disorders (17%), autistic disorder (10%), bipolar mood disorder (7%), anxiety (6%), attention-deficit hyperactivity disorder (1%) and other conditions.
Of the total sample 138 (68%) were on antipsychotics and 64 (32%) were antipsychotic naive. Eighty participants (58%) in the antipsychotic-treated group had challenging behaviour, which was the commonest reason for the prescription. There were more men (59%) in the antipsychotic-treated and more women (61%) in the antipsychotic-naive group. In the whole study group, 27% of the participants had a diagnosis of challenging behaviour only, in the absence of psychiatric disorders.
Of the 202 participants, 97% were on one or more psychotropic agents, with a mean of 2.0 drugs per participant (1.4 excluding anti-epileptics). In total 68% were on antipsychotics, 42% on antidepressants, 39% on anti-epileptics, 25% on benzodiazepines (generally 'as required' rather than regularly), 2% on non-benzodiazepine hypnotics and 1% on lithium.
Of the 138 antipsychotic-treated participants, 48% were on risperidone, 18% on olanzapine, 10% on thioxanthenes, 9% on chlorpromazine or other first-generation phenothiazines, 9% on quetiapine, 7% on amisulpride or sulpiride, 4% on haloperidol, 2% on aripiprazole and 1% on clozapine. The majority, 95%, were on one antipsychotic alone, 5% on two. Median duration of antipsychotic use was 8 years (range 0.5-47), the median daily chlorpromazine equivalent dose was 108 mg (range 16-667, Table 2 ).
Anthropometric and metabolic indices
In the comparison between the intellectual disability and the OBB control group, the mean BMI was significantly higher in women in the intellectual disability group Prevalence of overweight and obesity was higher in the women in the intellectual disability group than those in the OBB control group (81.2% v. 45.9%, P50.001), whereas there was no statistically significant difference between the men (64.0% v. 64.8%, P = 0.878). The 81.2% prevalence of overweight and obesity in the intellectual disability group women was also higher than in the HSE control group women of a similar age, where it was 54%, whereas the 64% prevalence for the intellectual disability group men was similar to the 68% rate reported in the HSE control group men (P = 0.385).
Although both the men and the women in the intellectual disability group were more sedentary than their general population counterparts (P50.001 for both), as assessed by a standardised questionnaire exploring weekly routine physical activity, the women in the intellectual disability group were also more sedentary than the men in this group (P50.001). This could partly explain the high BMI of the women, particularly as there was no difference in the prevalence of syndromes associated with obesity, such as Down syndrome, between women and men.
When comparing the antipsychotic-treated and the antipsychotic-naive groups, BMI did not differ between the groups either in men (27.4 The intellectual disability group had a significantly lower total cholesterol In the comparison between the antipsychotic-treated and the antipsychotic-naive group mean FPG levels were not different (5.0 (s.d. = 0.6) v. 4.9 (s.d. = 0.7) mmol/l, P = 0.559), nor were total, HDL cholesterol, LDL cholesterol, total/HDL cholesterol ratio, triglycerides, insulin or the insulin resistance index. There was no difference in the risk of a raised (45.5 mmol/l) FPG between the two groups. The HbA1c levels were significantly higher in the antipsychotic-treated group but the absolute difference was too small to be considered clinically significant 
Type 2 diabetes
At study entry, there were seven participants known to have developed type 2 diabetes after exposure to antipsychotic drugs. Another participant on antipsychotics was diagnosed as having diabetes during the study. Prevalence of type 2 diabetes was 7.4% in the antipsychotic-treated group and nil in the antipsychotic-naive group, an apparent difference albeit of borderline statistical significance (P = 0.052).
For the comparison of intellectual disability v. age-and gender-matched general population participants, prevalence of type 2 diabetes was defined similarly to the HSE control group as the percentage of participants with previously known type 2 diabetes out of the whole of the study group. Diabetes prevalence was similar in the men (2.2% v. 3.8%, P = 0.584) but was higher in the women in the intellectual disability group than in women in the HSE control group (7.9% v. 2.2%, P = 0.0106) of similar age.
Of the eight participants with type 2 diabetes diagnosed after initiation of antipsychotic treatment, three were currently on olanzapine and one each on risperidone, amisulpride, zuclopenthixol, haloperidol and trifluoperazine; all but one had been exposed to various antipsychotics over the years. Mean antipsychotic treatment duration before diagnosis of diabetes was 9.7 years (s.d. = 7.7, range [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Mean age at diagnosis of diabetes was 42.7 years (s.d. = 8.8). Of the participants with diabetes, one had a history of developing uncontrolled diabetes 4 when quetiapine was added to his haloperidol treatment and another one experienced near normalisation of glucose indices when her treatment was changed from olanzapine to risperidone.
Risk factors for diabetes
A family history was obtained for 68% of participants. This was positive for diabetes in at least one first-or second-degree relative in 86% of those with diabetes and in 41% of those participants without diabetes (P<0.05). South Asian or African-Caribbean ethnicity was 11% in those with and 4.8% in those without diabetes (P = 0.377). Participants with diabetes tended to be older 
Prolactin, gonadal function and bone mineral density
Hyperprolactinaemia (prolactin4375 mU/l in men and4620 mU/l in women) was present in 45% of participants on antipsychotics and in 12.5% of those who were antipsychotic naive (Table 4) . Prevalence was much higher in individuals on risperidone and amisulpride/sulpiride, 70% and 100% respectively. Most participants with hyperprolactinaemia not explained by risperidone, amisulpride or sulpiride, whether in the antipsychotic or antipsychotic-naive group, were taking other drugs that can cause prolactin elevation such as antidepressants (e.g. citalopram), peripheral dopamine antagonists or proton pump inhibitors. Of the 21 women with antipsychotic-induced hyperprolactinaemia, 8 premenopausal women were taking exogenous sex hormones. Of the remaining 13 women, 10 were hypogonadal, as defined by a history of amenorrhoea or by gonadotrophins below the menopausal range in pre-and postmenopausal women respectively. Of 27 men with hyperprolactinaemia, only 1 was hypogonadal, as defined by a testosterone level below the normal range. The prolactin levels in women who were hypogonadal ranged between 1083 and 5959 mU/l and in the man who was hypogonadal it was 1105 mU/l. Eight of nine patients with hyperprolactinaemic hypogonadism who underwent a dual-energy xray absorptiometry scan had decreased bone mineral density (T score 41.0).
Discussion

Main findings
This is the first study to compare metabolic and endocrine parameters in a representative community-dwelling intellectual disability population with a locally recruited population of controls and between individuals naive to antipsychotic drugs and those taking them for psychosis or challenging behaviour. The study was widely inclusive, being open to all patients aged 18-70 in a single NHS trust under psychiatric care, thus it is very likely to have mirrored current routine clinical practice. It is extremely difficult to collect data of this sort in an intellectual disability population so the 61% participation rate is a considerable achievement. Failure to participate was primarily for arbitrary reasons relating to carer agreement rather than any significant clinical bias. In the antipsychotic-treated group, monotherapy was the rule (95% of people) and doses were generally low, both compared with schizophrenia 21, 22 and with a previous study in people with intellectual disability, in which the mean chlorpromazine equivalent dose was 372 mg (range 20-4067), 23 more than three times the median 108 mg (range 16-667) found in our study. Almost half of the participants were on risperidone, which is in line with the limited evidence for benefit in the treatment of challenging behaviour. 24, 25 Comparisons with the general population showed that glucose and lipid parameters were on average the same or even more favourable in the intellectual disability group. This contrasts with findings in individuals with severe mental illness, in which metabolic abnormalities are highly prevalent. 26 Moreover, there was a paucity of other metabolic and cardiovascular risk factors such as alcohol excess, smoking or an atherogenic diet, which are common in the general population, and even more so in populations with severe mental illness. Nevertheless, in women, not men, prevalence of overweight/obesity and of type 2 diabetes were markedly higher in the intellectual disability group. Whereas the favourable lipid profile of our intellectual disability group could be explained by a healthy diet provided in sheltered accommodation and by the other positive lifestyle factors, the highly sedentary lifestyle led by the women in this group could partly explain their high prevalence of obesity, which could be the main determinant for their high rates of diabetes. A higher prevalence of obesity in women with intellectual disability compared with men with intellectual disability and with women in the general population has been previously reported. 27, 28 Moreover, although people with intellectual disability have lower levels of physical activity than participants from the general population, the risk of inactivity is higher in women with intellectual disability than men. 28 The metabolic profile of participants in the intellectual disability group on antipsychotics was essentially identical to that of those in the group who were antipsychotic naive. It is reassuring that indices of obesity and of glucose and lipid metabolism were not significantly different, statistically or clinically, between the antipsychotic-treated and the antipsychotic-naive individuals. The absence of any effect could be due, in part, to the relatively small number of people taking antipsychotics with the highest potential metabolic impact, such as olanzapine and clozapine, and to the generally low doses. All the cases of diabetes occurred in individuals on antipsychotics, but the study was underpowered to estimate differences in prevalence rates with confidence. Although antipsychotics, on average, did not increase metabolic risk, the trend towards a higher prevalence of type 2 diabetes in the antipsychotic-treated group may suggest that a subgroup of individuals are particularly vulnerable to the hyperglycaemic potential of these drugs. This accords with the relatively young age at diagnosis of diabetes and the higher prevalence of a positive family history compared with those without diabetes. However, these individuals did not represent the tip of a metabolic iceberg, given the normal findings in participants without diabetes. A total of 45% of antipsychotic-treated participants (70% of those on risperidone, 100% of those on amisulpride or sulpiride) had hyperprolactinaemia, with secondary hypogonadism in 77% of affected women but only 4% of affected men. A raised prolactin was equally frequent in antipsychotic-treated participants of either gender but, as reported by previous studies, 29, 30 prolactin elevation was more severe in women than men, thus explaining the gender differential in the prevalence of hypogonadism. Clinically significant hyperprolactinaemia, causing secondary hypogonadism, was exclusively seen in participants on risperidone, amisulpride or sulpiride even at low doses. As in earlier studies, 31, 32, 33 hyperprolactinaemic hypogonadism was generally accompanied by loss of bone mineral density. This iatrogenic complication will summate with other risk factors for bone pathology in intellectual disability, such as primary hypogonadism, anti-epileptic treatment and vitamin D deficiency, and could partly explain the high risk for osteoporosis and fractures seen in these indivduals. 34, 35, 36 Strengths and limitations of the study This is the only study comparing metabolic and endocrine parameters between antipsychotic-treated and antipsychotic-naive individuals with intellectual disability and between individuals with intellectual disability and the general population. Moreover, its naturalistic setting in one NHS trust and wide inclusion criteria make its results generalisable with a strong degree of confidence. However, despite being a large study compared with others in this population, the sample size was not large enough to allow a robust comparison of diabetes rates between the antipsychotic-treated and the antipsychotic-naive group, something that could possibly explain the borderline statistical difference between the two groups. This problem could only be overcome by a multicentre study.
Implications
In summary, the Oxford Learning Disabilities Study provides an initial evidence base underpinning the safe use of antipsychotic drugs in the intellectual disability population. Whatever the efficacy of antipsychotic use in relation to challenging behaviour, they are still widely used. This would be difficult to defend in such a vulnerable population if it led to major metabolic side-effects. In fact, our findings offer significant reassurance in relation to cardiovascular and metabolic risk in the intellectual disability population. Nevertheless, there may be potential problems in a susceptible subgroup, hence regular monitoring of blood glucose, lipids and weight 37 should be instituted when prescribing antipsychotics to people who may already have risk factors for diabetes, and when using antipsychotics with a high metabolic impact.
The study identified hyperprolactinaemia as the commonest side-effect in antipsychotic-treated individuals with intellectual disability and hyperprolactinaemic hypogonadism as a complication of risperidone and amisulpride treatment, leading to bone loss in a population already at risk for osteoporosis and fractures. These findings should lead to screening for and management of hyperprolactinaemic hypogonadism, together with studies to investigate optimal prevention and treatment strategies in the intellectual disability population.
